Mononuclear phagocytes are known to play a key role in immune/inflammatory reactions by serving as an effector cells for the induction and regulation of immune responses and acting as secretory cells for the synthesis and release of specific phlogistic mediators.
Introduction
Mononuclear phagocytes are known to play a key role in immune/inflammatory reactions by serving as an effector cells for the induction and regulation of immune responses and acting as secretory cells for the synthesis and release of specific phlogistic mediators.
The ability of macrophages to function in any one of the above caoacities is not onlv dependent upon the nature of the inflammatory stimulus'(l), but also on the-source of the'mononuclear phagocytes (2,3,4) and whether these cell are adherent or not (5,6). With regard to specific macrophage populations, the function of peritoneal resident macrophages differs dramatically from that of thioglycollate elicited macrophages (1.4.7.8).
Resident peritoneal macrophage demonstrate an increase in lipid deacylation, resulting in an increase in arachidonic acid metabolites (7), contain higher levels of 5'-nucleotidase (9), and participate more efficiently in antibody-dependent cell-mediated cytolytic reactions (4) compared to thioglycollate elicited populations. In contrast, elicited macrophages contain high levels of lysosomal enzymes (lo), are more activity in pinocytosis and IgG-dependent phagocytosis (4), and have an increased capacity to express I region associated (Ia) antigen in the presence of lymphokine (6) than resident macrophages.
In addition to specific population differences, the in vitro adherence phenomenon appears to play an extremely important role with respect to macrophage effector (4,6) or secretory (5,ll) cell function.
In the present study we have examined the relationship between adherent and non-adherent elicited perito_neal macrophages in terms of prostaglandin E (PGE ) and superoxide anion (0 ) non-adherent ma rophages z production. Also, we have examined the &ilit$ of elicited to undergo transmembrane potential changes in response to various inflammatory stimuli, as assessed by the potentiometric cyanine dye,
3-3'dipropyl thiodicarbocyanine iodide [diS-C -(5)].
Since the precise relationship between the adherence phenomenon a nd macrophage function is not entirely understood, their examination is important in view of in vitro dis-.--crepancies concerning the activity of various macrophage populations.
Our results indicate that elicited peritoneal macrophages in suspension displayed a dramatic increase in the production of PGE2 and, the production of this prostaglandin was refractory to specific stimulus.
Only after the macrophages were adherent for 2 hrs or more did the basal level drop and the macrophages could respond to a specific challenge and produce PGE levels.
While macrophages in suspension produced large am unts g above control superoxide anion (0 ) generation was suppressed.
of PGE2, Upon being adherent _for 2 hours or more, the Gacrophages could respond to a stimulus and produce 0 above basal levels.
In addition, cell-free supernatant from elicited ?na1Z phages in suspension, which-was devoid of superoxide dismutase activity, could suppress the production of 0 from adherent cells.
Furthermore, depolarization of the transmembrane potent al in elicited macrophages in suspension was not 4 responsive to a number of stimuli.
These studies suggest that the endogenous production of PGE may act to immuno-modulate macrophage function while in a non-adherent stat I and thereby constitute a naturai means to regulate macrophage activity.
Methods

Animals.
Female, C57B/6 mice (Jackson Laboratories, Bar Harbor, ME) were used in all experiments.
Mice were maintained under standard care and given food and water ad libitum.
Macrophagepreparation. Peritoneal macrophages from C578/6 mice were eliciGd by the intraperltoneal injection of 2 ml thioglycollate medium (Becton Dickinson, Cockeysville, MD).
Four days after injection, peritoneal macrophages were harvested, washed in RPMI-1640 medium (GibSo, Grand Island Bioloaical Co.. Grand Island. NY) and resuspended at 5 x 10 /ml in RPMI-10% fetal calf serum 'containing 106 uni$s/ml penicillin and 100 pg/ml of streptomycin. One milliter of cells (5 x 10 ) were added to plastic dishes (35mm diameter; Costar, Cambridge, MA) and were allowed to adhere for either 2, 8, or 16 hours at 37'C in 5% CO /95% air prior to assay. &
The number of macrophages adherent to the surface the culture dishes were determined bv direct countinq of adherent cells, as described elsewhere (12). This methodology has been confirmed by the use of biochemical paramet%rs (13).
Typically greater than 90% of the cells were macrophaqes and 3 x 10 macrophages were found to adhere to individual plates. No&adherent cells were harvested as abovf, washed 4x in Hanks balanced salt solution (HBSS). and resuspended to 3 x 10 cells/ml. The following protocol was employed for'the examination of macrophage monolayers: cells cultured for 2,8 and 16 hours were challenged with either _PMA or zymosan, incubated 2 additional hours, and assayed for either PGE or 0 as described below.
Non-adherent cells were also incubated fo_r 2 hou s in he presence of Points represent mean f S.E.M. The concentration of PMA zymosan used throughout this study was 1 pg/ml and 500 pg/ml, respectively. adherent for 2,8, or 16 hours could respond to opsonized zymosan (500 ug/ml) 01 PMA (1 ug/ml) challenge with an increase above basal levels in both PGE and 02 production.
In contrast, th_e same macrophage population in suspense n (non-.B adherent) did not produce 0 above basal levels with either a particulate or soluble stimulus.
Interest ngly, PGE2 4 levels synthesized by nonstimulated macrophages in suspension were elevated, as compared to their adherent counterpart, yet remained refractory to particulate stimulus and responded with only a moderate increase when treated with PMA ( Figure 1A) .
Only after the macrophages were adherent for 2 hours or more did they respond to either a zymosan or PMA challenge and release 02 and PGE above basal levels. Macrophage monolayers cultured for either 8 or 16 hours and then stimulated with either zymosan or PMA exhibited a 6 to 8 fold increase in PGE g production above basal levels.
Althouqh production was reduced, it was gf interest to determine the effect C f from non-adherent cells on 0 production by macrophage monolayers. Supernatant-from non-adherent macropha & s were examined for its effect on monolayer 0 production in the following manner: monolayers were incubated with supern tant $ during the 8 hour adherence period, washed with HESS, and stimulated 1 ug/ml PMA for 2 hours in the presence or absence of supernatant. In this study only macrophage monolayers incubated continually in the presence of supernatant was able to suppress 0 production in response to PMA (Table 1 This suggests that thioglycollate-elicited macrophages possess a very a l?t. ive oxidative metabolic capacity, but the recovery of oxygen reduction products was dependent upon the conditions of incubation.
Other investigators have reported alterations in the membrane transport of amino acids and nucleotides between non-adherent and monolayer macrophages (22). Specifically, the membrane transport of both lysine and adenosine was shown to be reduced by rabbit alveolar macrophage in suspension, but not the adherent state.
The underlying mechanism(s) which is responsible for controlling the metabolic activity between macrophages in suspension or in monolayers may also dictate the functional activities of these cells. An interesting concept developed a decade ago by Nelson and Boyden (23) suggested that adherence is a required step in the activation process of macrophages.
Their study demonstrated that an antigenic challenge of immunized animals could induced peritoneal macrophages to undergo a reversible adherence reaction, which was associated with the initiation of macrophage activation.
More recent studies have shown that the adherence phenomenon is closely associated with lymphokine-induced macrophage Ia antigen expression (6) and interleukin 1 production (24).
In the former study adherent macrophages and macrophages in suspension were examined for their ability to express Ia and serve as antigen-presenting In the present study we have examined the relationship between adhere@ and non-adherent elicited peritoneal macrophages with regard to PGE and 0 production. on the LPS-induced activation of macrophages could also be induced by CAMP suggesting a CAMP-mediated mechanism for the inhibitory effect of PGE on macrophage activation.
In an earlier study, Lehmeyer and Johnston (29) havg examined agents that elevate intracellular levels of CAMP in macrophages and have shown a decrease in chemiluminescence and O-production by these cells.
In order to further evaluate the possible effects20f endogenous PGE on macrophage monolayer activity we examined the ability of supernatant a rom macrophages in suspension, shown to contain elevated levels of PGE late 02 production by macrophage monolayers.
Supernatant obtained phages in suspension could dramatically suppress PMA-induced 0 continuously incubated with macrophage monolayers. This effe t appeared to be 2 production when reversible, since those monolayers incubated with supernatant prior to, but not during, PMA stimulation showed no suppressive effect. A similar observation was demonstrated when exogenous PGE was incubated with macrophage monolayers. Only when exogenous PGE was 0 production suppr ssed. 6 was contl .r3_4 ally incubated with macrophage monolayers The observation that macrophages in suspension did n&. undergo depolarization of the transmembrane potential to a number of soluble stimuli is important in light of the intimate association between ligand receptor i_nteractions and depolarization.
Although recent studies have suggested that 02 may be destroying the activity of fluorescent probes (18), this occurs only after the change in fluorescence intensity is recorded (19).
